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Fibrous Silicate Hydrates and Processes for Their Production 

The invention relates to a process for the production of fibrous calcium silicate hydrates and/or 
sodium calcium silicate hydrates and to such fibrous compounds produced thereby. 

PagfrgTOVnfl Aft 



Suitable materials have been sought as replacements for asbestos fibres for reinforcement in 
composites such as cement/fibre board. Use as a reinforcement is not limited to such 
composites however, as many polymer materials require reinforcing and fibres of varying 
lengths are required in such areas. When used in cementious products such fibres need to be 
strong and compatible with the highly alkaline pore fluids of cement binding systems. 
Asbestos fibres initially proved suitable, being chemically inert and also able to withstand 
elevated temperatures. Asbestos is a generic name for a series of magnesium silicates which 
occur naturally as long fibres. However, use of asbestos is generally no longer acceptable due 
to the health problems that may result. Glass fibres have also been used as reinforcement in 
cement composites but these are attacked by the alkaline pore solution and dissolve or become 
brittle, losing their ability to act as reinforcement fibres. Cellulose fibres have also been used 
as these are not a biological hazard but these fibres are not alkali stable and slowly become 
brittle in the alkaline environment The composite material formed from such fibres will 
therefore also lose flexural strength and become brittle. Calcium silicate minerals can occur 
naturally as fibres, and compounds such as Xonotlite and Wollastonite have been trialled in 
cement composites. However, the length of the fibres in these naturally occurring minerals 
is short and enhancement in flexural properties is limited. Further, in general the naturally 
occurring fibres are not in discrete form but rather form clumps of fibres. For use as 
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reinforcement it is very advantageous that fibres be discrete in order that an even distribution 
of the fibres is possible within the base material to gain the maximum effect on flexural 
properties. 

One example of a fibrous material used as a reinforcing fibre in polymers is the ceramic 
Barium titanate. However this is expensive to manufacture and requires grinding down to 
suitable length for use in many cases. Toxicity of this material can also be a problem as the 
body is unable to dissolve or otherwise eliminate ceramic fibres. 

In the past calcium silicate hydrates have been formed from calcium silicate compounds which 
are prepared in cement kilns at elevated temperatures. These compounds are then hydrated 
with water to form the calcium silicate hydrates. At normal conditions, the product of this 
hydration is an amorphous calcium silicate hydrate, which is suitable for use as a binder. If 
the curing temperature is raised, such as in an autoclave or geothermal well, crystalline 
calcium silicate hydrates can be formed. It is also known that crystalline calcium silicate 
hydrates can be formed from insoluble calcium compounds, such as calcium hydroxide, by 
preparing an aqueous slurry with an insoluble silicate material, such as quartz, and heating the 
aqueous calcium silicate gel formed in the slurry above the boiling point of water. The nature 
of the product formed is dependent on the Ca:Si ratio. Typical products formed at high Ca:Si 
ratios include tricalcium silicate hydrate (Ca:Si = 3) and dicalcium silicate hydrate (Ca:Si = 
2). These materials do not contain silicate chains in their structure and are therefore not 
suitable as materials for forming calcium silicate hydrate fibres. Fibrous calcium silicate 
hydrates can be formed at low Ca:Si ratios around Ca:Si - 1 however. For example 
Tobermorite (CarSi = 0.85) and Xonotlite (CarSi = 1) are two such compounds. 
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The manufacture of synthetic calcium silicate fibres is known, however in general only clumps 
of fibres have been able to be formed. Where discrete fibres have been formed there has been 
no disclosure of how this discrete form can be effectively reproduced. Further, there has been 
no disclosure of a method wherein discrete fibres can be formulated of a targeted 
predetermined length. 

The ability to combine these two factors is of significant commercial importance as fibre 
length and discreteness are important when considering reinforcement of materials and in 
particular polymeric materials. 

United States Patent 4,277,457 to Tokuyama Soda Kabushiki Kaisha, inventors Genji Toga 
et al, discloses the manufacture of a novel alkali calcium silicate from an aqueous suspension 
of Si0 2 , Ca, and alkali, under specific reaction conditions. There is disclosure of the use of 
soluble starting components however, in general, the starting mixture is a suspension. It is 
notable that insoluble starting components may be used. Further, the ratio of components in 
the starting mixture is not considered important. This is reflected by the allowance of the use 
of suspensions as the starting mixture. There is therefore no teaching of the necessity to have 
a starting solution with specific component ratios in order to create discrete fibres and there 
is also no teaching of how fibres of a known average length may be formed. Further, use of 
such suspensions is likely to require the use of abrasion resistant equipment over the longer 
term. 

It is an object of this invention to provide a method of preparing fibrous calcium silicate 
hydrates as well as sodium calcium silicate hydrates as discrete fibres and of predetermined 
fibre length. 
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The invention comprises a method for the production of discrete fibrous calcium silicate 
hydrates and/or sodium calcium silicate hydrates of predetermined average fibre length 
comprising mixing an aqueous solution of a soluble calcium salt with a soluble silica source 
and heating the mixture to form the fibrous product. 

The invention further comprises a method for preparing discrete calcium silicate fibres of 
predetermined average length by 

(a) preparing an aqueous gel solution of a soluble calcium salt and a soluble silica 
source having a specific molar ratio of calcium:silica effective to produce predetermined 
fibrous calcium silicate hydrates and/or sodium silicate hydrates; 

(b) heating the aqueous gel solution to a temperature and for a time effective to 
produce the predetermined fibrous hydrates at said predetermined length; and 

(c) recovering the product. 

Preferably the calcium silicate fibres formed comprise a mixture of fibrous calcium silicate 
compounds. 

Preferably the product contains a mixture of Pectolite and tricalcium silicate hydrate fibres. 

Preferably the temperatures used are between about 140°C and about 400°C. 

Preferably the temperature used is between 1 70°C and 360°C and more preferably between 250 
and 300°C. 



SUBSTITUTE SHEET 



WO 96/11877 PCT/NZ95/00105 
Preferably the fibre length produced is between about 1 fim and about 500 (xm. 



Preferably the fibre length is between 2 and 300 \xm and more preferably between 2 and 200 
Jim. 

Preferably the Ca:Si molar ratios are between 0.2 and 5.0 and more preferably between 0.5 
and 2.5. 

The invention further comprises a method for the preparation of discrete calcium silicate fibres 
including the sodium calcium silicate hydrate Pectolite comprising mixing a soluble calcium 
salt with a soluble silica source and a soluble sodium salt in a Ca:Si ratio of from about 0.20 
to about 0.76 and heating the mixture to a temperature of between about 200°C and about 
365°C, to obtain discrete fibres having a length of between about 25 and about 60 fun. 

Preferably the Ca:Si ratio is between 0.25 to 0.65, the temperature is between 250 and 300°C 
and the fibre length is between 25 and 50 Jim. 

Preferably the soluble silica source and the soluble sodium salt are both sodium silicate. 
Preferably the soluble sodium source includes additional NaOH. 

The invention further comprises a method for the preparation of discrete calcium silicate fibres 
including the calcium silicate hydrate Tobermorite comprising mixing a soluble calcium salt 
with a soluble silica source in a Ca:Si ratio of from about 0.45 to about 2.0 and heating the 
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mixture to a temperature of between about 150°C and about 305°C, to obtain discrete fibres 
having a length between about 1 and about 15 Jim. 



Preferably the Ca:Si ratio is between 0.5 and 1.5, the temperature is between 175 and 275°C 
and the fibre length is between 2 and 10 |xm. 

The invention further comprises a method for the preparation of discrete calcium silicate fibres 
including the calcium silicate hydrate Xonotlite comprising mixing a soluble calcium salt with 
a soluble silica source in a CarSi ratio of from about 0.8 to about 5.0 and heating the mixture 
to a temperature of between about 250°C and about 320°C, to obtain discrete fibres having a 
length of between about 2 and about 15 ^un. 

Preferably the CarSi ratio is between 1 and 3.0, the temperature is between 275 and 300°C and 
the fibre length is between 4 and 10 jim. 

The invention further comprises a method for the preparation of discrete calcium silicate fibres 
including the calcium silicate hydrate Foshagite comprising mixing a soluble calcium salt with 
a soluble silica source in a Ca:Si ratio of from about 0.80 to about 1.60 and heating the 
mixture to a temperature of between about 235°C and about 315°C, to obtain discrete fibres 
having a length of between about 15 and about 40 jim. 

Preferably the Ca:Si ratio is between 1 and 1 .5, the temperature is between 250 and 300°C and 
the fibre length is between 15 and 30 jim. 
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The invention further comprises a method for the preparation of discrete calcium silicate fibres 
including the calcium silicate hydrate Hillebrandite comprising mixing a soluble calcium salt 
with a soluble silica source in a CatSi ratio of from about 1.67 to about 2.50 and heating the 
mixture to a temperature of between about 235°C and about 370°C, to obtain discrete fibres 
having a length of between about 10 and about 55 jim. 

Preferably the Ca:Si ratio is between 1.9 and 2.3, the temperature is between 245 and 360°C 
and the fibre length is between 10 and 40 nm. 

Preferably the fibres produced have a fibre length having a percentage standard deviation of 
less than about 45% and more preferably less than about 35%. 

Preferably the mixture is heated for between about 1 and about 6 hours and more preferably 
between about 2 and about 5 hours. 

Preferably the solutions are heated in a sealed vessel. 

Preferably the soluble calcium salt is calcium nitrate or calcium chloride. 

Preferably the soluble silica source is an alkaline silicate. 

Preferably the soluble silica source is sodium silicate. 

Preferably the calcium salt solution is premixed with the soluble silica source and then heated 
to form the fibrous material. 
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Preferably the soluble silica solution is preheated in a sealed vessel and the soluble calcium 
salt solution is pumped into the vessel. 

Preferably additional sodium hydroxide is added to the silicate solution in a concentration 
appropriate for the desired product. 

Preferably additional potassium hydroxide is added to the silicate solution. 

Preferably the soluble silica solution and the soluble calcium salt solution are pumped 
separately into a preheated sealed vessel. 

Preferably the sealed vessel is an autoclave. 
Drawings 

The attached Figures show X-ray diffraction patterns and scanning electron microscope results 
of fibrous calcium silicate hydrates formed by the method of the invention. In the Figures: 

Fig la shows a comparison between the X-ray diffraction pattern for the product formed by 
the process of Example 1 and a standard Pectolite pattern; 

Figs lb and lc shows a scanning electron microscope picture of Pectolite produced by process 
of the invention; 
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Fig Id shows a scanning electron microscope picture of Pectolite forming from Tobennorite 
produced by process of the invention; 



Fig 2a shows a comparison between the X-ray diffraction pattern for the product formed by 
the process of Example 2 and a standard Tobermorite pattern; 

Fig 2b shows a scanning electron microscope picture of Tobennorite produced by process of 
the invention; 

Fig 3a shows a comparison between the X-ray diffraction pattern for the product formed by 
the process of Example 3 and a standard Xonotlite pattern; 

Fig 3b shows a scanning electron microscope picture of Xonotlite plus some Foshagite 
produced by process of the invention; 

Fig 4a shows a comparison between the X-ray diffraction pattern for the product formed by 
the process of Example 4 and a standard Foshagite pattern; 

Fig 4b shows a scanning electron microscope picture of Foshagite produced by the process of 
the invention; 

Fig 5a shows a comparison between the X-ray diffraction pattern for the product formed by 
the process of Example 5 and a standard Hillebrandite pattern; 
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Fig 5b shows a scanning electron microscope picture of Hiliebrandite produced by the process 
of the invention. 



Fig 6 shows a photomicrograph of the product of Example 8a. 
Fig 7 shows a photomicrograph of the product of Example 8b. 
Fig 8 shows a photomicrograph of the product of Example 8c. 
Fig 9 shows a photomicrograph of the product of Example 8d. 

Figs 10 to 21 show photomicrographs of the products of Examples 9 to 20 respectively. 
Detailed Description of the Invention 

The invention relates to a method for production of discrete fibres of a predetermined or 
targeted average length including fibrous calcium silicate hydrates or sodium calcium silicate 
hydrates from a starting solution. The solution produced will be in gel form due to the 
presence of the soluble silica source. The use of a solution as the starting mixture allows a 
precise starting component ratio to be used and removes the need for specialised abrasion 
resistant equipment such as pumps and the like. 

(1) Obtaining Discrete Fibres 

A soluble calcium salt can be mixed with a soluble silica source giving an alkaline solution 
containing a homogenous gel of calcium ions and silicate ions and/or sodium ions. These can 
be premixed and transferred to an autoclave or premixed in an autoclave by carefully adding 
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the calcium salt solution to the alkaline sodium silicate solution, and then holding at the 
desired temperature. This results in the growth of crystals having a discrete elongate structure. 
By starting with a solution containing the required starting components and following the 
general process steps as described, discrete fibres are obtained. 

One preferred method involves the soluble calcium salt solution being slowly pumped under 
pressure into the alkaline sodium silicate solution which is held at temperature and pressure 
in a sealed autoclave. This gives excellent fibre separation. As will be apparent, heating the 
silicate solution in a sealed vessel will result in an internal pressure in the vessel ( ie an 
autogenous pressure). It is as a result of this pressure that the calcium solution must be 
pumped into the vessel. The internal pressure, and thus the required pumping pressure, will 
be dependant on the temperature to which the vessel is heated and on the volume of the vessel 
used. This temperature, pressure and volume relationship will be well known to a person 
skilled in the art 

Another preferred method is to preheat the autoclave, or other suitable vessel, to the desired 
temperature and then pump the two solutions simultaneously into the autoclave. This will tend 
to produce larger fibres. Again, due to the internal pressure in the autoclave, the solutions must 
be pumped in. 

(2) Obtain ing Desired Fibre Lengths 

The temperature to which the mixture/vessel is heated is preferably in excess of 140°C 
however, as will be described in more detail hereinafter, specific temperature ranges will 
preferably be used to result in specific fibrous crystalline products. In this way predetermined 
fibre lengths within acceptable commercial bounds can be obtained as desired. The preferred 
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device used to heat the mixture is a sealed autoclave, although any suitable device as will be 
known in the art may be used, e.g. a tubular reactor. The temperatures selected and the time 
for which the mixture is heated is critical to obtain the desired length of fibre. The 
combination of specific component ratios and heating temperatures and times gives predictable 
products of standard length. It is a simple matter of optimisation of the process parameters, 
as will be readily apparent to a skilled person which is required in order to obtain 
predetermined fibre length within acceptable commercial bounds. Thus if the component ratio 
in the starting solution is consistent with Pectolite production fibre lengths within the Pectolite 
standard range will be formed and longer or shorter lengths can be obtained by 
varying the temperature of production appropriately. If shorter lengths of Pectolite fibres are 
needed, it is probable that a combination of Pectolite and Foshagite will be obtained as a 
mixture of long Foshagite fibres and short Pectolite fibres. Other compound relationships as 
will be known in the art can also be obtained. It is notable that by using the process of the 
invention with high temperatures, high alkalinity, and high Ca:Si ratio (about 3), tricalcium 
silicate hydrate fibres can be formed. These fibres tend to be long however they are also 
relatively unstable. 

For example at temperatures around 150°C, and Ca:Si ratio 0.5-1.4, Tobermorite is formed; 
at higher temperatures, approximately 180°C to 300°C, Xonotlite is synthesised. 

If extra sodium hydroxide is added to the sodium silicate solution and the reaction is carried 
out at approximately 300°C, the mineral formed is Pectolite, a sodium calcium silicate. By 
varying the Ca:Si ratio as well as the Na:Si ratio other calcium silicate hydrates can be 
formed. The temperature of reaction time of exposure and component ratios therefore define 
the crystalline phases formed and the size of the fibres. 
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There is also a pH effect on the length and aspect ratio of the fibres produced by the process 
of the invention. At higher pH's the fibres tend to be longer and thinner, while at lower pH's 
the fibres tend to shorter and wider. This pH effect is a function of the starting component 
ratios and can be regulated accordingly. Thus by manipulating the starting ratios and the 
temperatures specific control over fibre length is obtainable. In this way, when preparing 
longer Pectolite fibres, a starting mixture suitable for Pectolite and containing additional NaOH 
can produce a product having fibre lengths of about 60 ^im and up to about 80 jim. Lengths 
up to 100 ^im have been observed however these tend to be isolated fibres. KOH may also 
be used if desired. 

Tobermorite, Pectolite, Xonotlite and the other phases able to be formed, crystallise as fibrous 
crystals. They have also been formed in Ordinary Portland Cement (OPC) systems heated to 
high temperatures. When formed in a binder in (OPC) systems with additional silica or 
sodium silicate, they give strength to composite products by the interlocking of their fibres. 
These crystalline compounds are composed of long silicate chains of silicate tetrahedra and 
form in strongly alkaline solutions, so will be stable in the alkaline pore fluid of cement paste. 
The longer and more discrete the fibres are the better the strength that will be imparted to the 
product The fibres are also useful for reinforcing, and may be used primarily with polymer 
products. Shorter fibre lengths are generally suitable in these cases and, provided the fibres 
are discrete, excellent strength is imparted. Examples of such polymers are epoxy and 
polyester resins which contain oxygen and which will bond strongly with the hydroxyl groups 
present on the silica chains of the fibres. 

The time at temperature must be sufficient to form the product. A formulation designed to 
prepare Pectolite will form only Tobermorite if the combination of temperature and time are 
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decreased sufficiently. At intermediate temperature and time, a combination of Tobennorite 
and Pectolite will result. Thus if the fibre length required falls approximately on the 
Pectolite/Tobermorite boundary a combination of these compounds will be present in the 
product formed. The Pectolite/Tobermorite example is one of the more unlikely combinations 
when seeking standard fibre lengths however, as this is a combination of large (Pectolite) and 
small (Tobennorite) fibres. Better examples when seeking standard fibre lengths, would be 
Pectolite/Foshagite, Pectolite/Xonotlite, Foshagite/Xonotlite, Foshagite/Hillebrandite. The time 
used will be a function of the temperature and is generally between 1 and 6 hours. Between 
2 and 5 hours at temperature is generally sufficient. 

The calcium salts useful in the method may be any of the soluble calcium salts as will be well 
known in the art although calcium nitrate and calcium chloride are preferred. The silicates may 
also be any of the soluble silicates as will be known in the art however the alkaline silicates, 
and in particular sodium silicate, are preferred. Solutions are used as they facilitate the 
formation of discrete fibres. Further, the necessity for abrasion resistant pumps and the like 
is removed when solutions are used. Previous workers have used solid state reactions and 
have started with suspensions and like compositions however these have the inherent 
disadvantage of abrasion and also generally need longer reaction times to obtain a suitable 
product 

As will be readily apparent from the following examples, by controlling the component ratio 
in the starting solution known forms of silicate fibres are obtained. By following the precise 
process conditions discrete fibres are obtained. As the varying forms of silicate fibres have 
varying lengths, the length of fibres can be selected within a very precise range. By varying 
the temperature used in the process, in combination with the ratio of the starting components 
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in solution, specific fibre lengths can be selected. As mentioned previously this may result 
in mixtures of silicate compounds, however the length of those fibres will be very similar and 
within acceptable commercial bounds. As the starting material is a soluton the component 
content can be precisely controlled giving excellent quality control over the final product The 
percentage standard deviations of the fibre lengths produced can be as low as 45% and lower 
figures such as 35%, are achievable. It is envisaged that with the more precise control 
obtainable in the commercial arena repeatable quantities of fibres having percentage standard 
deviations as low as 20% will be possible. The combination of this length specificity with the 
ability to reliably produce discrete fibres makes the process of the present invention of 
significant commercial importance. 

EXAMPLES 

Specific methods (examples) for production of fibre types by pure batch (Le. unpumped) 
method 

Experiment required: 

Hydrothermal reaction vessel: for large quantities, a stainless steel vessel should not 
be used, as all steels used in caustic solutions are subject to stress corrosion cracking 
(SSC) at temperatures above approx. 95°C, which can result in catastrophic failure. 
A vessel machined from or completely lined with monel 400 (%Ni,V3Cu) alloy or nickel 
is suitable. For small quantities, we have found that small (25ml) capacity 316 
stainless steel bombs with a PTFE seal, clamped in a galvanised steel frame are 
suitable. These are thick-walled and therefore lightly stressed. The bomb and frame 
is placed in a suitable fan oven. 

Examplp 1 

Pectqlite (NaCajHSi 3 0 9 PDF 33-1223) Ca:Si preferred initial ratio = 0.50 to 0.60. 
Dissolve together: 
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0.100 mole (2L21g) of sodium metasilicatc (N^SiOj.SHjO) and 0.30 mole (12.0g) of sodium 
hydroxide (NaOH) in distilled water and make up to 650g solution = (Si + NaOH) solution. 

Dissolve 0.050 mole (1 1.81g) of calcium nitrate (Ca(NO 3 ) 2 .4H 2 0) in distilled water and make 
up to 325g = Ca solution. 

With vigorous stirring, slowly add the Ca solution (over approximately 1 minute) to the (Si 
+ NaOH) solution to produce a white slurry with [Ca]:[Si]:[Na]=0.5-l :5. Transfer this slurry 
to a suitable hydrothermal reaction vessel, rinse in with 25ml distilled H 2 0 to total lOOOg 
mixture. Seal and heat to 300°C for soak time of 4 hours. Cool, open and remove contents. 

Filter and wash with distilled water by a suitable method (e.g. mix with approximately 3 litres, 
allow to settle, decant liquid, repeat, then finally filter and rinse. Any suitable combination 
of dilution, decanting, centrifugation and/or filtration with washing to remove the unwanted 
NaOH and excess sodium metasilicate will suffice). After washing, the product can be dried 
and analysed by XRD. Unless the sample is ground well to break down fibres, an unusual 
XRD pattern is likely to result To examine fibre morphology SEM is used. A drop of 
diluted slurry is placed on a glass slide mounted on an SEM stub and allowed to air-dry. 
Oven-drying tends to cause the fibres to clump together while drying. 



Process tolerance: 

The fibre morphology varies according to the reagent concentrations used. The ratio of Ca:Si 
used is preferably varied from less than 0.25 to approximately 0.65 but if raised too far may 
result in a mixture of phases, e.g. Pectolite plus ite. The NaOH concentration can vary by 
large factors. A higher concentration tends to result in larger fibres but can cause corrosion 
of the reaction vessel. 

Temperature, and time at max temperature can be from approximately £4 hours at 250°C to 
£20 minutes at £350°C, to several days at 200°C. Variations in fibre size and morphology 
will depend on conditions. Generally, highest quality and size of fibres from a simple batch 
run will result from a moderate concentration of Si and Ca, combined with high NaOH 
concentrations and temperature. 
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Other phases: 

Other phases, such as Xonotlite, Tobermorite, Foshagite and Hillebrandite can be produced 
using the same general method and reagents described for Example 1 by changing the ratios 
of reagents, temperature of reaction, time at temperature or replacing sodium hydroxide with 
potassium hydroxide. Using KOH will result in Tobermorite being formed, instead of 
Pectolite (Ref prep HFP 241). 

Example 2 

Tobermorite ^(OH^S^O^^O; PDF 19-1364) Ca:Si starting ratio = 0.50. 
When making Pectolite by the process of Example 1, Tobermorite is initially formed as the 
mixture heats up. If the maximum temperature and time are limited to less than approximately 
240°C and 3-4 hours, then pure Tobermorite will result. Fibres of Tobermorite are very 
difficult to vacuum filter as they are extremely fine. However, they can be washed slowly by 
decantation and/or gravity filtering). At temperatures above 250°C, much larger Pectolite 
fibres begin to form until all of the Tobermorite is consumed. 

Example 3 

Xonotlite (Ca^S^O^O^ PDF 29-379) Ca:Si preferred starting ratio = 1.0. 
This is formed under similar temperature and time conditions to Pectolite, but requires an 
initial Ca:Si ratio of approximately 1 :1 and much lower levels of NaOH concentration. Unless 
NaOH content is very low («0.02M) the Xonotlite product will usually contain some 
Foshagite or Pectolite. 

Example 4 

Foshagite (Ca 4 (Si0 3 ) 3 (OH) 2 PDF 29-377) Ca:Si starting ratio - 1.0. 
This compound is made under the same temperature and time conditions as Pectolite in 
Example 1, except that Ca:Si = 1.0-1.33. Solution conditions require sufficiently high pH to 
prevent formation of Xonotlite. This is obtained by adding sufficient NaOH so the preferred 
concentration of NaOH is «0. 1-1.0 mole/litre. 

Example 5 

Hillebrandite (Ca 2 Si0 3 (OH) 2 PDF 9-51) Preferred Ca:Si starting ratio = 2.0. 
NaOH concentration approximately 0.1M to £l.0M. 
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Method for making Calcium Silicate-based Ceramic Fibres using Pumped Solutions 
(semi-batch process) 

Equipment 

• Autoclave resistant to stress-corrosion cracking (e.g. Monel 400 alloy) suitable for 

operation at temperatures of at least 250°C and at corresponding hydrothennal 
pressures (>1000 psi) The particular equipment and conditions used in the following 
Examples were pumps No. 1 and No. 2 - 21 Monel autoclave rated at 4400 psi at 
343°C. 

• Two high pressure piston pumps (single or double piston) and appropriate filters, 

stainless steel tubing and fittings to pump aqueous solutions from reservoirs into 
autoclave at working pressure. 

• Gravity or vacuum filtration equipment for washing product. 

Reagents 

Si solution 

Appropriate concentration of sodium metasilicate (Na^iOj.SHjO) in distilled/deionised water. 
Si + NaOH solution 

Appropriate concentrations of sodium metasilicate plus sodium hydroxide (NaOH) in water 
Ca solution 

Appropriate concentration of calcium nitrate (Ca(N0 3 ) 2 .4H 2 0) in water. 
Example 6 

Method for making Pectolite in a 21 autoclave (of Monel 400 alloy) 

Si + NaOH solution 

Dissolve together 0.040 mole (8.48g) of Na^K^Hp plus 0.20 mole (8.0g) of NaOH made 
up to 600g with water and transfer to reservoir of pump No. 1. 
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Ca solution 

Dissolve 0.020 mole (4.72g) of Ca(N0 3 ) 2 .4H 2 0 in water and make up to 600g. Transfer to 
reservoir of pump No, 2. 

Place sufficient water in the autoclave to fill it with steam at the working temperature, and still 
have approximately 50ml liquid, e.g. at 274°C, p steam = 30.26 g/1 and p water = 760 g/1 
therefore require 30.26 x 1.95 + 760 x 0.05 - 59 + 38 « 97g 

Seal the autoclave and heat to an interior temperature of £250°C. 

After priming both the pumps, begin pumping the (Si + NaOH) solution (Pump No. 1) into 
the autoclave at a suitable rate (e.g. 150ml/hr). After a few mis have been pumped, begin 
pumping the Ca solution at the same rate. Low speed stirring may improve the product 
When the reservoirs are nearly empty, turn off the pumps and shortly afterwards (so that 
sufficient reaction time above 250°C, is allowed to use up the reagent), turn off the autoclave 
heater. 

When cool, remove the product by suitable means, e.g. siphoning (if a bottom flush valve is 
used, the fibres can prevent resealing. If a very concentrated product is made, siphoning is 
far more satisfactory). 

Wash the product with water by a suitable means, e.g. dilute and decant, filter and wash. 

Product can be analysed by XRD and SEM. The product of this run was near-acicular 
(needle-like) fibres having minimal branching, length approx 1 1 to 62(jrn; thickness approx 
0.1 to 1.0|un. Average length approx 30|im. 

Process tolerance 
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Concentrations 

In a 2 litre autoclave, we have made between 0.1 6g and lOOg of product by the pure (i.e. 
premixed) batch method. When the solutions are pumped, the process can tend to form large 
lumps of product (up to tens of grams) if the solution concentrations are above appro ximate ly 
0.1-0.2 molar. 

Reagent ratios 

The Ca:Si ratio is preferably varied between approximately 0.25 and 0.65 without forming 
other phases. The stoichiometric Ca:Si of Pectolite ratio is 0.67, but the process appears to 
produce better product morphology if excess Si is present, i.e. use CarSi of <0.67. 
The NaOH concentration can vary widely, but if it is too low, fibre size tends to be small; if 
too high, rapid discoloration (corrosion) of the vessel will occur. Preferred NaOH 
concentration range is approximately 0.05M-1.0M. 

Temperature 

Higher temperature decreases formation time and tends to increase fibre size. High pH 
combined with high temperature will maximise formation rate and fibre quality. 

pH £ 13.5-14. 

Temperature vs time for formation of Pectolite 

At 350°C, Pectolite can be fully formed in approximately 30-60 minutes. 

At ~290°C, is less than or equal to 4 hours. 

At212°C, 18 hours. 

At 196°C, approximately 94 hours. 
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If using only one pump, the Si and NaOH solution must be placed in the autoclave before 
heating commences. The Ca salt solution can be pumped into the vessel once the necessary 
internal temperature is reached. Compared with the pure batch process, there is no clear 
indication that average fibre size is increased or decreased, however a wider range of fibre size 
is produced (i.e. standard deviation of fibre size). 

NB: (1) NaOH cannot be pumped with the calcium nitrate as insoluble Ca(OH) 2 will 
immediately precipitate; (2) When Ca and NaOH were placed in vessel and Si pumped, the 
result was a thin non-fibrous layer comprising ite, Tobermorite, calcite and amorphous 
material. 

Example 8 

The following four preparations were directed to the preparation of fibrous product containing 
Pectolite and Xonotlite. In each case the preparation involved the use of pumps with 
preparation (a) following the general procedure of Example 7 (ie a one pump process) and 
preparations (b), (c) and (d) following the general procedure as used in Example 6 (ie a two 
pump process). 

(a) Solution A contained 1 1 .81 grams of Ca(N0 3 ) 2 .4H 2 0 dissolved in distilled water to a 
total of 1000 grams. Solution B contained 21.21 grams of Na2Si0 3 .5H 2 0 and 20 grams 
NaOH, dissolved in water to total 500 grams. Solution A was pumped over a period of 2.5 
hours into a 2 litre autoclave, pre-heated to 247°C which, before heating, had been charged 
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with Solution B. After the pumping of Solution A was finished, the autoclave was held at 
247°C temperature for 0.5 hours then turned off to cool down over several hours. The product 
was discrete fibres of pure Pectolite as is shown in Figure 6. 

(b) Solution A contained 11.34 grams of Ca(N0 3 ) 2 .4H 2 0 dissolved in distilled water to 
total 700 grains. Solution B contained 10.18 grams of Na^iC^.SHjO and 8 grams NaOH, 
dissolved in water to total 700 grams. Solution C contained 100 grams water. Solutions A 
and B were pumped simultaneously over a period of 4.6 hows into a 2 litre autoclave, 
preheated to 270°C which, before heating, was charged with solution C. After the pumping 
of solutions A and B had finished the autoclave was turned off and allowed to cool down over 
several hours. The product produced was discrete fibres composed mostly of Xonotlite as is 
shown in Figure 7. 

(c) Solution A contained 5.15 grams of Ca(N0 3 ) 2 .4H 2 0 dissolved in distilled water to total 
500 grams. Solution B contained 9.25 grams of Na2Si0 3 .5H 2 0, dissolved in water to total 500 
grams. Solution C contained 25 grams of NaOH dissolved in water to total 200 grams. 
Solutions A and B were pumped simultaneously over a period of 7.5 hows into a 2 litre 
autoclave, preheated to 260°C which, before heating, was charged with solution C. After the 
pumping of solutions A and B had finished the autoclave was held at 267°C for two hours and 
then turned off and allowed to cool down over several hours. The product was discrete fibres 
of pure Pectolite as is shown in Figure 8. 

(d) Solution A contained 31.49 grams of Ca(N0 3 ) 2 .4H 2 0 dissolved in distilled water to 
total 200 grams. Solution B contained 42.42 grams of Na2Si0 3 .5H 2 0, dissolved in water to 
total 400 grams. Solution C contained 42.42 grams of NaSi0 3 .5H 2 0 and 16 grams of NaOH 
and 15.74 grams of Ca(N0 3 ) 2 .4H 2 0 dissolved in water to total 500 grams. Solutions A and 
B were pumped simultaneously over a period of 2.4 hours into a 2 litre autoclave, preheated 
to 300°C which, before heating, was charged with solution C. After the pumping of solutions 
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A and B had finished the autoclave was held at 302°C for 1.6 hours and then turned off and 
allowed to cool down over several hours. The product was discrete fibres of pure Pectolite 
as is shown in Figure 9. 

As can be seen in all instances (Figures 6 to 9) the fibres produced are discrete fibres of a 
relatively standard length. Such standard fibre length allows the use of such fibres in specific 
reinforcement requirements. 

Examples 9 to 20 

The following Examples were run using the pure batch method as disclosed generally in 
connection with Example 1. 

Example 9 

A pure batch reaction was carried out by dissolving 0.2727 grams of Na2Si0 3 .5H 2 0 and 0.800 
grams of NaOH in 10 ml of distilled water and 0.4049 grams of Ca(N0 3 ) 2 .4H 2 0 in 5 ml of 
distilled water and adding this to the first solution. The resulting gel was made up to 20.0 
grams in an 80 ml pressure vessel which was sealed and heated at autogenous pressure at 
349°C for six hours in a tube furnace. The vessel was air cooled after the run. The product 
was mostly discrete fibres of Foshagite as is shown in the Figure 10. The average length of 
the fibres is 23 |im with a percentage standard deviation of 31%. 

Example 10 

A pure batch reaction was carried out by dissolving 0.3182 grams of Na2Si0 3 .5H 2 0 and 0.800 
grams of NaOH in 10 ml of distilled water and 0.3543 grams of Ca(N0 3 ) 2 .4H 2 0 in 5 ml of 
distilled water and adding this to the first solution. The resulting gel was made up to 20.0 
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grams in an 80 ml pressure vessel which was sealed and heated at autogenous pressure at 
365°C for 6.25 hours in a tube furnace. The vessel was air cooled after the run. The product 
was mostly discrete fibres of Foshagite as is shown in the Figure 1 1 . The average length of 
the fibres is 24 fim and the percentage standard deviation is 37%. 

Example U 

A pure batch reaction was carried out by dissolving 0.2121 grams of Na2Si0 3 .5H 2 0 and 0.8 
grams of NaOH in 10 ml of distilled water and 0.4724 grams of Ca(N0 3 ) 2 .4H 2 0 in 5 ml of 
distilled water and adding this to the first solution. The resulting ge] was made up to 20.0 
grams in a 25 ml pressure vessel which was sealed and heated at autogenous pressure at 240°C 
for 16 hours in a fan oven. The vessel was cooled with its lower half in cold water after the 
reaction. The product was mostly discrete fibres of Hillebrandite as is shown in Figure 12. 
The average length of the fibres is 30 urn and the percentage standard deviation is 31%. 

Example 12 

A pure batch reaction was carried out by dissolving 0.2728 grams of NajSiOj.S^O and 0.800 
grams of NaOH in 10 ml of distilled water and 0.4053 grams of Ca(NOj) 2 .4H 2 0 in 5 ml of 
distilled water and adding this to the first solution. The resulting gel was made up to 20.0 
grams in a 25 ml pressure vessel which was sealed and heated at autogenous pressure at 240°C 
for 16 hours in a fan oven. The vessel was cooled with its lower half in cold water after the 
reaction. The product was discrete fibres of pure Foshagite as is shown in Figure 13. The 
average length of the fibres is 26 \xm and the percentage standard deviation is 25%. 



Example 13 
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A pure batch reaction was carried out by dissolving 0.4S2 grains of NajSiOj.SF^O and 0.160 
grams of NaOH in 10 ml of distilled water and 0.252 grams of Ca(N0 3 ) 2 .4H 2 0 in 5 ml of 
distilled water and adding this to the first solution. The resulting gel was made up to 20.0 
grams in a 25 ml pressure vessel which was sealed and heated at autogenous pressure at 300°C 
for 16 hours in a fan oven. The vessel was cooled with its lower half in cold water after the 
reaction. The product was discrete fibres of pure Pectolite as is shown in Figure 14. The 
average length of the fibres is 95 |im and the percentage standard deviation is 47%. 

Example 14 

A pure batch reaction was carried out by dissolving 0.452 grams of Na2Si0 3 .5H 2 O and 0 
grains of NaOH in 10 ml of distilled water and 0.252 grams of Ca(N0 3 ) 2 .4H 2 0 in 5 ml of 
distilled water and adding this to the first solution. The resulting gel was made up to 20.0 
grams in a 25 ml pressure vessel which was sealed and heated at autogenous pressure at 300°C 
for 16 hours in a fan oven. The vessel was cooled with its lower half in cold water after the 
reaction. The product was discrete fibres of pure Pectolite as is shown in Figure 15. The 
average length of the fibres is 15 ^im and the percentage standard deviation is 36%. 

Example 15 

A pure batch reaction was carried out by dissolving 4.242 grams of Na^SiOj.SHjO and 8 
grams of NaOH in 750 ml of distilled water and 2.362 grams of Ca(N0 3 ) 2 .4H 2 0 in 350 ml 
of distilled water and adding this to the first solution. The resulting gel was made up to 1250 
grams in a 2000 ml pressure vessel which was sealed and heated at autogenous pressure at 
315°C for 10 hours. The vessel was cooled in air after the run. The product was discrete 
fibres of pure Pectolite as shown in Figure 16. The average length of the fibres is 80 \xm and 
the percentage standard deviation is 45%. 
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Example 16 

A pure batch reaction was carried out by dissolving 1 13.7 grams of NajSK^SHjO and 9.25 
grams of NaOH in 750 ml of distilled water and 168.7 grams of CafNO^A^O in 350 ml 
of distilled water and adding this to the first solution. The resulting gel was made up to 1250 
grams in a 2000 ml pressure vessel which was sealed and heated at autogenous pressure at 
325°C for 18 hours. The vessel was cooled quickly after the run with a water cooled coil. 
The product was mostly discrete fibres of Foshagite as shown in Figure 17. The average 
length of the fibres is 1 1 nm and the percentage standard deviation is 34%. 

Example 17 

A pure batch reaction was carried out by dissolving 0.3182 grams of Na^SiO^SHjO and 0.8 
grams of NaOH in 10 ml of distilled water and 0.3543 grams of Ca(N0 3 ) 2 .4H 2 0 in 5 ml of 
distilled water and adding this to the first solution. The resulting gel was made up to 20 
grams in a 25 ml pressure vessel which was sealed and heated at autogenous pressure at 240°C 
for 16 hours in a fan oven. The vessel was cooled with its lower half in cold water after the 
run. The product was mostly discrete fibres of Foshagite as shown in Figure 1 8. The average 
length of the fibres is 22 and the percentage standard deviation is 34%. 

Example 18 

A pure batch reaction was carried out by dissolving 21.21 grams of NajSi0 3 .5H 2 0 and 10 
grams of NaOH in 600 ml of distilled water and 11.81 grams of Ca(N0 3 ) 2 .4H 2 0 in 200 ml 
of distilled water and adding this to the first solution. The resulting gel was made up to 1000 
grams in a 2000 ml pressure vessel which was sealed and heated at autogenous pressure at 
207°C for 6 hours. The vessel was air cooled after the run. The product was discrete fibres 
of pure Tobermorite as shown in Figure 19. The approximate average length of the fibres is 
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2 mn and the approximate percentage standard deviation is 50%. The approximate nature of 
the figures is due to the extremely small fibre length. 

Example \9 

A pure batch reaction was carried out by dissolving 27.92 grams of Na2Si0 3 .5H 2 0 and 3.07 
grams of NaOH in 700 ml of distilled water and 27.96 grams of Ca(N0 3 ) 2 .4H 2 0 in 400 ml 
of distilled water and adding this to the first solution. The resulting gel was made up to 1250 
ml in a 2 1 pressure vessel which was sealed and heated at autogenous pressure at 320°C for 
4 hours. The vessel was air cooled after the run. The product was discrete fibres of pure 
Xonotlite as shown in Figure 20. The average length of the fibres is 4 urn and the percentage 
standard deviation is 44%. 

Example 20 

A pure batch reaction was carried out by dissolving 55.81 grams of NajSiO^HjO and 3.95 
grams of NaOH in 700 ml of distilled water and 55.95 grams of Ca(N0 3 ) 2 .4H 3 0 in 400 ml 
of distilled water and adding this to the first solution. The resulting ge! was made up to 1250 
ml in a 2 1 pressure vessel which was sealed and heated at autogenous pressure at 320°C for 
4 hours. The vessel was air cooled after the run. The product was discrete fibres of pure 
Xonotlite as shown in Figure 21. The average length of the fibres is 5 Jim and the percentage 
standard deviation is 33%. 

Example 21 

The following three preparations as shown in Table 1 were prepared by the pure batch method 
and were directed to the production of a fibrous product containing a majority of Pectolite. 
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The Pectolite content is approximately 60% or above. These preparations show the differences 
in fibre length on an average basis which can be obtained by varying the starting ratio of CarSi 
and the temperature. The greatest separation of length is +/- 15 jim which is within 
commercially acceptable levels. 

Table 1 



1 Run 


Ca:Si 


Temperature °C 


Fibre Length 
(urn) 


Figure 




0.76 


324 


30-50 


19 




0.333 


312 


20-30 


20 




0.733 


290 


20-50 


21 



Example 22 

The following preparations shown in Table 2 were carried out as for Example 19. The 
preparations were intended to produce a fibrous material containing a major amount of 
Foshagite (approximately 60% or more). Again the combination of the Ca:Si ratio and 
temperature gives standard fibre lengths in discrete form with the greatest separation in fibre 
length being +/- 10 ^im. 

Table 2 





CarSi 


Temperature °C 


Fibre Length 
(Mm) 


Figure 


T- 1 


0.90 


260 


20 


22 


2 


1 


365 


20-30 


23 


3 


1.60 


260 


20-25 


24 



Comparisons 

Use of two pumps results in the fibres being larger than for the pure batch or single pump 
method, because fresh reagent is continually added to allow growth of existing fibres. New 
fibres, however, will be continually formed and later ones will therefore tend to be smaller. 
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Therefore, there is a wide range of fibre size. There appears to be no clear advantage in using 
the single pump method over the pure batch method because average fibre size is similar, and 
the fibre size range is greater. 



(NB: The pure batch method (unpumped) is equivalent to a continuous flow production plant 
fed only by a single inlet, so that the product would depend on the initial ratios, residence time 
and temperature. The 2-pump system is equivalent to the above-described plant, but with 
continual addition of nutrient to enlarge existing fibres and form new, small fibres). 



Tables 3-5 give example ranges of conditions at which crystal phases have been formed in this 
project (in Near-pure form and in Impure (mixed phases) form). With reference to Table 5, 
the pH of the mixture is controlled by the concentration of alkali present as will be known in 
the art. Table 5 gives this as the Na 2 0 concentration. The Na is sourced from the soluble 
sodium salt used and/or the added NaOH. The example ranges should not be seen to be 
limitations on the process conditions however. 

Table 3 
Calcium:Silicate ratio (Ca:Si) 





NEAR-PURE 


IMPURE 


Pectolite 


0.76 (208) 


1.33 (166) 




0.20 (267) 


0.20 (267) 


Tobermorite 


0.50 (241) 


2.00 (274) 




0.50(178) 


0.33 (52) 


Xonotlite 


5.00 (275) 


5.00 (268) 




1.00(47) 


0.50 (245) 


1 Foshagite 


1.33 (243) 


2.00 (46) 




1.00 (182) 


0.833 (169) 


Hillebrandite 


2.00 (146) 


2.00 (122) 




2.00 (181) 


2.00 (256) 


Numbers in brackets are prep numbers (lor reference) 



Table 4 
Temperature °C 



NEAR-PURE 



IMPURE (mixed) 



1 
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Pcctolhe 


361°C (168) 
198°C (279) 


365°C (167) 
198°C (279) 


Tobermorite 


305 (241, KOH only) 
160 (277) 


255 (69) 

305 (241, KOH only) 
172 (13) 


Xonotlite 


268 (252) 
247 (47) 


340 (209) 
172 (13) 


Foshagite 


313 (243) 
240 (147) 


365 (167) 
235 (132) 


Hillebrandite 


284 (181) 
240 (146) 


364 (165) 
235 (131) 


TABLE 5 

ALKALI CONCENTRATION IN SOLUTION AS NajO 
(moles/kg of prep) 




NEAR-PURE 


IMPURE 


Pectolite 


0.800 (219) 
0.100 (257) 


1.08 (164) 
0.050 (269) 


Tobermorite 


0.225 (178) 

0 (241 (K 2 O=0.20M) 


0.59 (151) 
0.013 (130) 


Xonotlite 


0.125 (252) 
0.033 (268) 


0.58 (148) 
0.033 (268) 


1 Foshagite 


0.565 (147) 
0.107(243) 


1.033 (189) 

0 (182) (K 2 O-0.60M) 


Hillebrandite 


0.55 (146) 

0.050 (181) (K,O=0.50) 


0.55 (146) 

0.050 (181) (K,O-0.50) 



-30- 



SUBSTITUTE SHEET. 



WO 96/1 1877 PCT/NZ95/00105 
The foregoing describes preferred forms of the invention and it is to be understood that the 
scope of the invention is not to be limited to the specific forms described. Modifications and 
variations as will be obvious to a person skilled in the art may be made to the forms of the 
invention as described without departing from the spirit or scope of the invention as defined 
in the attached claims. 
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1. A method for the production of discrete fibrous calcium silicate hydrates and/or sodium 
calcium silicate hydrates of predetermined average fibre length comprising mixing an aqueous 
solution of a soluble calcium salt with a soluble silica source and heating the mixture to form 
the fibrous product. 

2. The method according to claim 1 comprising the steps of: 

(a) preparing an aqueous gel solution of a soluble calcium salt and a soluble silica 
source having a specific molar ratio of calciumrsilica effective to produce predetermined 
fibrous calcium silicate hydrates and/or sodium calcium silicate hydrates; 

(b) heating the aqueous gel solution to a temperature and for a time effective to 
produce the predetermined fibrous hydrates at said predetermined length; and 

(c) recovering the product; 

3. The method according to claim 1 or claim 2 wherein the temperature to which the 
aqueous solution is heated is between about 140°C and 400°C. 

4. The method according to claim 3 wherein the temperature is between 1 70°C and 360°C. 

5. The method according to claim 4 wherein the temperature is between 250°C and 300°C. 

6. The method according to any one of the previous claims wherein the calciumrsilica 
molar ratio is between 0.2 and 5.0. 
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7. The method according to claim 6 wherein the molar ratio is between 0.5 and 2.5. 

8. The method according to any one of the previous claims wherein the mixture is heated 
for between about 1 and about 6 hours. 

9. The method according to claim 8 wherein the mixture is heated for between 2 and 5 
hours. 

10. The method according to claim 1 wherein the method is for the preparation of discrete 
calcium silicate fibres including the sodium calcium silicate hydrate Pectolite comprising 
mixing a soluble calcium salt with a soluble silica source and a soluble sodium salt in a Ca:Si 
ratio of from about 0.20 to about 0.76 and heating the mixture to a temperature of between 
about 200°C and 365°C to obtain discrete fibres having a length of between about 25 and 
about 60 pin. 

1 1 . The method according to claim 1 wherein the method is for the preparation of discrete 
calcium silicate fibres including the calcium silicate hydrate Tobermorite comprising mixing 
a soluble calcium salt with a soluble silica source in a CarSi ratio of from about 0.45 to about 
2.0 and heating the mixture to a temperature of between about 150°C and about 305°C, to 
obtain discrete fibres having a length of between 1 and about 15 jim. 

12. The method according to claim 1 wherein the method is for the preparation of discrete 
calcium silicate fibres including the calcium silicate hydrate Xonotlite comprising mixing a 
soluble calcium salt with a soluble silica source in a CarSi ratio of from about 0.8 to about 
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5.0 and heating the mixture to a temperature of between 250°C and 320°C, to obtain discrete 
fibres having a length of between about 2 and about 15 jim. 



13. The method according to claim 1 wherein the method is for the preparation of discrete 
calcium silicate fibres including the calcium silicate hydrate Foshagite comprising mixing a 
soluble calcium salt with a soluble silica source in a Ca:Si ratio of from about 0.80 to about 
1.60 and heating the mixture to a temperature of between 235°C and about 315°C, to obtain 
discrete fibres having the length of between about 15 and about 40 jim. 

14. The method according to claim 1 wherein the method is for the preparation of discrete 
calcium silicate fibres including the calcium silicate hydrate hillebrandite comprising mixing 
a soluble calcium salt with a soluble silica source in a Ca:Si ratio of from about 1.67 to 2.50 
and heating the mixture to a temperature of between 235°C and about 370°C, to obtain discrete 
fibres having a length of between about 10 and about 55 nm. 

1 5. The method according to any one of the previous claims wherein the product comprises 
a mixture of fibrous calcium silicate hydrates and/or sodium calcium silicate hydrates. 

16. The method according to any one of the previous claims wherein the length of the 
fibres produced is between about 1 jim and about 500 jim. 

17. The method according to claim 16 wherein the fibre length is between about 2 and 
about 300 urn. 
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18. The method according to claim 17 wherein the fibre length is between about 2 and 
about 200 tun. 



1 9. The method according to any one of the previous claims wherein the fibre lengths have 
a percentage standard deviation of less than about 45%. 

20. The method according to claim 19 wherein the standard deviation is less than 35%. 

21. The method according to any one of the previous claims wherein the soluble calcium 
salt is calcium nitrate or calcium chloride. 

22. The method according to any one of the previous claims wherein the soluble silica 
source is an alkaline silicate. 

23. The method according to claim 22 wherein the alkaline silicate is sodium silicate. 

24. The method according to claim 10 wherein the soluble silica source and the soluble 
sodium salt both comprise sodium silicate. 

25. The method according to either claim 10 or claim 24 wherein the soluble sodium salt 
includes additional NaOH. 

26. The method according to any one of the previous claims wherein the calcium salt 
solution is premixed with the soluble silica source and then heated. 



-35- 



SUBST1TUTE SHEET 



WO 96/11877 PCT/NZ95/00105 

27. The method according to any one of the previous claims wherein the soluble silica 
source is an aqueous solution. 

28. The method according to any one of claims 1 to 25 wherein the soluble silica solution 
is preheated in a sealed vessel and the soluble calcium salt solution is pumped into the vessel. 

29. The method according to any one of the previous claims wherein an additional 
potassium hydroxide is added to the silicate solution. 

30. The method of any one of claims 1 to 25 wherein the soluble silica solution and the 
soluble calcium salt are pumped separately into a preheated seal vessel. 

31. The method according to any one of the previous claims wherein the solutions are 
heated in a sealed vessel. 

32. The method according to claim 31 wherein the sealed vessel is an autoclave. 

33. A fibrous product comprising discrete fibrous calcium silicate hydrates and/or calcium 
sodium silicate hydrates prepared by the method of any one of the previous claims. 

34. A method for the production of discrete fibrous calcium silicate hydrates and/or sodium 
calcium silicate hydrates substantially as herein described with particular reference to the 
Examples and attached Figures. 
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ABSTRACT 



A method for the production of discrete fibrous calcium silicate hydrates and/or sodium 
calcium silicate hydrates of predetermined average fibre length comprising mixing an aqueous 
solution of a soluble calcium salt with a soluble silica source and heating the mixture to form 
the fibrous product. 
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FIG 1A 
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FIG IB 
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FIG 1C 
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FIG2A 
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FIG 4B 
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FIG 5B 




12/21 



SUBSTITUTE SHEET 



WO 96/1 1877 PCT/NZ95/00105 



FIG 6 
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FIG 11 
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FIG 13 
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FIG 15 
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FIG 17 
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FIG 18 
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FIG 20 
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